Background: Luteinizing hormone (LH) is essential for normal follicular development and oocyte maturation. In particular, fluctuations of LH during the follicular phase have a significant impact on morphological and functional changes of the oocyte and determine its meiotic status and ability to be fertilized. Objective: This prospective randomized controlled trial examined effects of endogenous follicular phase LH levels on oocyte maturity and IVF outcomes in fixed vs. flexible in vitro fertilization. Materials and Methods: Normo-ovulatory women age <39 yr (n=213) were randomized to fixed or flexible gonadotrophin-releasing hormone (GnRH) antagonist protocols. Follicular phase LH, estradiol, and progesterone profiles were measured. Oocytes retrieved, implantation rate, and pregnancy rate were compared between the two groups. Results: LH profiles were similar in both protocols. A lower trend of LH values at the end of ovarian stimulation correlated significantly with a higher pregnancy rate, regardless of protocol (p=0.02). Estradiol levels were statistically different with respect to time points within treatment groups (p<0.0001), but not between groups (p=0.43), or pregnancy outcomes (p=0.2595). Progesterone profiles were similar between groups. No differences were found in retrieved oocytes numbers, fertilization rate or embryos obtained. Significantly, younger age and a higher number of antral follicles were correlated with positive results. Conclusion: Fixed and flexible GnRH antagonist protocols did not produce an oscillation of endogenous LH values correlated to the outcome of ovarian stimulation.
Introduction
uteinizing hormone (LH) is essential for normal follicular development and oocyte maturation. In particular, fluctuations of LH during the follicular phase have a significant impact on morphological and functional changes of the oocyte and determine its meiotic status and ability to be fertilized (1) . The role of LH in controlled ovarian hyperstimulation (COH) and its relative importance during the follicular phase are still subject to extensive debate, and questions surrounding the optimal amount of LH in stimulation protocols are still controversial (2) .
Gonadotropin-releasing hormone (GnRH) antagonists have been used to inhibit a premature LH surge during ovarian stimulation for in vitro fertilization (IVF). GnRH antagonism is initiated following either a fixed scheme on day 6 of stimulation or a flexible scheme when ultrasound reveals follicles ≥14 mm in diameter (3) (4) (5) .
This provides a diverse hormonal milieu during early follicular recruitment, as there is no initial pituitary suppression. The optimal protocol for routine clinical use has not yet been identified. In fact, in a fixed regimen, a number of patients exhibit rapid and early follicular growth or elevated LH and estradiol (E2) levels prior to antagonist administration, L due to positive feedback between LH and increasing levels of E2 during the early follicular phase. Thus, starting GnRH antagonist therapy in the middle of the follicular phase may be too late in some patients, because high LH levels during the follicular phase are associated with poor oocyte/embryo quality, with impaired endometrial receptivity and consequently, with a negative impact on IVF outcome (6, 7) .
On the other hand, some patients have elevated LH and low E2 levels with slow follicular growth prior to the administration of GnRH antagonist (8) . In these women, early initiation of GnRH antagonist may reduce the ovarian response, leading to a suboptimal outcome of the IVF cycles. In both populations of patients, the endocrine environment of the early follicular phase in antagonist cycles is likely to influence IVF outcomes.
The aim of the present study was to prospectively investigate how endogenous follicular phase LH levels in fixed vs. flexible GnRH antagonist protocols affect oocyte maturity and IVF outcomes.
Materials and methods
In this randomized controlled trial, the random allocation was performed using computer-generated random numbers blocked into groups of 10 to reduce the chance that more patients in one group would be randomized in one time period during the study. A research nurse coordinated randomization and distribution of medication throughout the treatment cycles.
Participants
Between May 2013 and May 2015, women undergoing ovarian stimulation and IVF with or without intracytoplasmic sperm injection were recruited at the Bari University Hospital Centre for Reproductive Medicine, and allocated to fixed or flexible GnRH antagonist protocols. Patients could been enrolled only once. Eligibility criteria were: 1) age <39 yr; 2) menstrual cycle of 26-32 days; 3) baseline follicle-stimulating hormone levels <12 IU/ml; 4) body mass index between 18- 
Treatments
Recombinant follicle stimulating hormone (FSH; Gonal-f®, Merck Serono or Puregon®, MSD, Italy) and GnRH antagonist (Cetrotide®, Merck Serono or Orgalutran®, MSD, Italy) were used for COH with a starting recombinant FSH dose of 150 UI beginning on day 2-3 of the menstrual cycle and a daily dose of rFSH based on response. From day 6 of stimulation onward, GnRH antagonist was administered daily in the fixed protocol. In the flexible group 0.25 mg of GnRH antagonist was started when at least one of the following criteria was met: the presence of a follicle with mean diameter ≥14 mm, serum LH level ≥200 pg/mL per dominant follicle, LH ≥10 IU/L.
GnRH antagonist was administered daily in both protocols until initiation of human chorionic gonadotrophin (hCG). Final oocyte maturation was triggered with 6500 IU of recombinant hCG (Ovitrelle®, Merck Serono, Geneva, Switzerland) when three or more follicles reached ≥18 mm in diameter. Oocytes were retrieved 36 hr later. The standard IVF procedures followed (5) . One or two embryos were transferred under ultrasound guidance on day 2 or 3 of embryo culture. For luteal phase support, all patients received a daily dose of 400 mg of vaginal micronized progesterone (Progeffik®, Effik Italia).
Measurements
Serum LH, progesterone (P) and estradiol (E2) levels were measured on day one of ovarian stimulation (D1), on the day after the administration of GnRH antagonist (D2) and on the day of hCG administration (D3). We evaluated LH, E2 and progesterone profiles by treatment group and pregnancy outcome.
Samples were analyzed by a central laboratory at the University Hospital of Bari using ADVIA Centaur and ADVIA Centaur XP systems standardized against the second international WHO standard. The primary endpoint of this study was different in the levels of LH between groups, while the secondary endpoints were differences in the total number of retrieved oocytes and in the proportion of mature oocytes (MII) between groups, number of days and total dose of rFSH administered, and ongoing pregnancy rate defined as the presence of fetal heart activity at 12 wk on ultrasound scan after embryo transfer. Premature LH surge was defined as a serum LH level of ≥10 mIU/mL or an increase of more than 2.5 times the basal level (8) .
Ethical consideration
The study was approved by the Institutional Ethical Board of Bari University Hospital (St.2672, Ce.2346, De.6441) and written informed consent was obtained from each participants.
Statistical analysis
Continuous data were summarized as mean and standard deviation if the distribution was Gaussian, otherwise as a median and interquartile range. Simple comparisons between independent groups (such as treatment or pregnancy outcome) were performed with Student's t or Wilcoxon tests as appropriate. Trends in estradiol, progesterone and LH levels were assessed using an ANOVA model for the repeated measure at baseline, day 6 (or oocyte diameter ≥14 mm), and hCG administration. In this analysis of variance for repeated measures, values were transformed to better approximate a Gaussian distribution.
Counting variables (number of oocytes, number of mature oocytes, and number of inseminated and fertile oocytes) were also transformed, to analyze differences related to both treatment and pregnancy outcome. Results are presented as back-transformed values of means and 95% confidence limits. Percentage of transferred women and percentage of pregnant women are reported and compared for independent groups through chi-square test. All analyses were performed with 9.3 SAS®/IntNet software for personal computer and a value <0.05 was considered as statistically significant.
Power and sample size calculations for comparison of LH profiles between groups, accounting for pregnancy outcome, were performed with G*Power software, considering 100 patients for each treatment group as maximum recruitment for the center and using an ANOVA model for the repeated measure and four groups (permutations of 2 protocols and 2 possible outcomes). We assumed that effect size could vary between 0.2 and 0.3. Thus a total sample size of 200 patients with the assumed effect size would yield a power between 0.8 and 0.9.
Results
Of 213 women enrolled, 104 were allocated to the fixed group and 109 to the flexible group (mean age 35.0±3.7 vs. 35.4±3.2 yr). Two participants (one in each group) withdrew consent, 6 did not respond to gonadotropin stimulation and 3 were excluded because protocols were not followed correctly, leaving 101 women in each group ( Figure I) . Mean values for baseline characteristics in fixed vs. flexible protocol groups were similar (Table I) .
There were statistically significant differences in LH levels at all time points (F=43.41, p<0.0001; Figure 2A ). Regarding the E2 profile, the model suggests that E2 levels were statistically different for treatment group (F=413.06, p<0.0001), but not for pregnancy outcome (F=1.36, p=0.2595); neither treatment appears to be a significant factor (F=0.62, p=0.4314) ( Figure 2B ). Progesterone levels at each time point according to treatment protocol and pregnancy outcome are presented in figure  2C .
Pregnancy IVF outcome was a statistically significant factor influencing LH profile (F=3.73, p=0.0261) ( Figure 2A) ; whereas, protocol treatment group was marginally significant (F=4.23, p=0.0411). The ANOVA model suggests that the difference in estradiol levels was statistically different with respect to time point, but not to pregnancy outcome neither treatment appear to be a significant factor ( Figure 2B ). The progesterone profile was statistically different both for time point and pregnancy outcome; however, there was no difference between treatment groups ( Figure 2C ).
Outcome measures were the total number of oocytes, number of mature oocytes (meiosis II), fertilization rate, implantation rate and pregnancy rate. Results are reported in table III. The model for the analysis oocyte numbers was statistically significant, but only positive pregnancy outcome was a significant factor, while protocol group and the interaction between protocol group and pregnancy outcome was not significant. The mean total number of oocytes in women who became pregnancy was similar between fixed protocol group and flexible protocol group (Table III) Mean duration of ovarian stimulation had been significantly longer in the fixed protocol group with respect to flexible one and in women who became pregnant. The total rFSH dose administered was significantly higher with the fixed protocol, but this was not significant with respect to outcome (Table II) . A small but significant difference in the total dose of rFSH (IU) was administered in the flexible protocol (Table II) (Table III) . In this study, there were no adverse effects in either group. 
Discussion
In fixed GnRH antagonist protocols, higher levels of LH and an earlier rise in E2 have been observed. However, some patients have an unexplained poor ovarian response with slow follicular growth and low serum E2 levels before GnRH antagonist administration. Thus, the endocrine environment may vary in the early follicular phase at the time of GnRH antagonist administration (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) .
Our findings confirm the importance of LH levels for COH outcomes. Pregnancy outcome was significantly influenced by the LH profile, with women who became pregnant having significantly lower LH levels at baseline and at the end of stimulation (F=3.73, p=0.0261) ( Figure 1A ). Previous research has indicated that fluctuations in LH levels during the follicular phase may be detrimental to endometrial receptivity and hence to pregnancy rates (2, 6) . Moreover, when we stratified the population into pregnant and non-pregnant patients, we observe that lower LH levels at baseline and at the initiation of hCG are associated with positive outcomes. Conversely, the GnRH antagonist protocol did not appear to play a major role. In agreement with previous studies, ( [14] [15] [16] [17] our data demonstrate that the timing of GnRH antagonism does not affect the result of the cycle.
We found that the total number of oocytes, number of mature oocytes, fertilization and implantation rates were higher in women who became pregnant. In agreement with previous studies, we found that the ovarian response to COH and the IVF outcome was dependent on patient age and the pool of recruitable follicles, as well as on follicular sensitivity to FSH (18, 19) . Indeed, considering the baseline characteristics in pregnant and nonpregnant women, we observe that the outcome depends on patient age and antral follicle count.
We evaluated also the adverse effects of premature LH surge during the follicular phase. In our study, the incidence of premature LH rise was similar between the two protocols, which is in agreement with a previous report (15) . There were no significant differences in stimulation characteristics between the two study groups. A small but significantly longer mean length of ovarian stimulation was observed in women who became pregnant, whereas there were no differences in gonadotropin consumption.
Concerning the E2 profile, our data did not reveal a difference between the two treatment protocols. E2 concentrations were higher at each time point in women with positive outcomes, but the difference was not statistically significant. Both protocols are able to maintain low concentrations of progesterone for the duration of the stimulation and this is important to avoid premature luteinization, which could reduce the pregnancy rate by prematurely closing the window for implantation. Moreover, we observed a significant difference between pregnant and non-pregnant women at each time point, with a progressive linear increase in progesterone levels during ovarian stimulation in women with positive pregnancy outcomes. There is a growing consensus that high P levels at the end of the follicular phase are detrimental to clinical outcome (14, (20) (21) (22) . Our findings, in agreement with those of Griesinger et al allow us to hypothesize that P levels above a threshold of 1.5 ng/mL are independently associated with a decreased probability of pregnancy in normal responders (17, 20) .
Conclusion
In conclusion, this study has demonstrated that a lower trend for LH concentrations from baseline to the end of the ovarian stimulation is related to a higher pregnancy rate, regardless of the type of GnRH antagonist protocol used. Oocyte number and maturity are not influenced by GnRH antagonist protocols, but lower age and a larger pool of recruitable follicles predict successful impregnation.
